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Editor's Preface 

Production engineering is of central importance to the continuous development of 
our industrial society. The performance capacity of manufacturing companies is 
highly dependent on the utilised resources, the applied production techniques, and 
the implemented organisation strategies. Guaranteeing a company’s success entails 
an ideal combination of technology, organisation and workforce management. 

Achieving an optimal configuration of cost, time and quality is a highly complex 
and intricate task which requires production strategies to be continuously moni-
tored, reviewed and enhanced. This involves both a reduction in, and a sound un-
derstanding of, the complexity of products, manufacturing systems and operations. 

The iwb strives to continually improve production systems, planning processes and 
manufacturing technologies. In each of these aspects, particular focus is given to 
employee-oriented requirements. Despite an increase in the degree of automation, 
human employees play an important role in the product development process, and 
need be optimally integrated into the manufacturing process. 

The research presented in this document is part of a series which spans through the 
various research areas of the iwb. These areas range from the development and 
planning of production systems as a whole, to more specific technologies such as 
individual manufacturing and assembly processes. Research in supply chain man-
agement and changeable production systems is aimed at optimising production 
processes. Virtual production methods such as simulation tools are implemented at 
all levels of the production process, for testing and evaluation purposes. In terms of 
manufacturing technologies, the iwb conducts innovative research and develops 
new concepts in the areas of microassembly and handling, bonding processes, 
mechatronics, rapid manufacturing and laser technologies.

The iwb research series presents new results and findings which are highly relevant 
to the industrial world, and therefore serves as a transferral of knowledge between 
the university and industry. 

Gunther Reinhart Michael Zäh 



“E tipu e rea, mo nga ra o to ao 

Ko to ringaringa ki nga rakau a te pakeha, 

Hei oranga mo to tinana, 

Ko to ngakau ki nga taonga a o tipuna, 

Hei tikitiki mo to mahuna, 

Ko to wairua ki Te Atua, 

Nana nei na mea katoa.” 

Grow up o tender youth, 

Fulfil the needs of your generation, 

Your hands master the arts of the Pakeha 

For your material well being. 

Your heart cherish the treasures of your Maori ancestors 

As a plume for your head, 

Your spirit to God, 

Author of everything 

    Sir Apirana Ngata



Contents

i

Contents

1 Introduction 1

1.1 Telepresence Systems 1

1.1.1 Teleoperator 2

1.1.2 Operator 2

1.1.3 Communication Layer 3

1.2 Telepresence Applications 4

1.3 The Network Delay Problem 5

1.4 Communication Networks 5

1.4.1 Definitions 6

1.4.2 Communication Hardware 7

1.4.3 Communication Software 12

1.4.4 Problem Sources in Communication Networks 14

1.5 Research Goals 15

1.6 Overview of the Thesis Structure 16

2 Previous Work 19

2.1 Overview of Existing Research 19

2.2 Analysis of the Time Delay Problem 20

2.2.1 Typical Network Delay Times 20

2.2.2 Effect of Time Delay on Telepresence 21

2.3 Overcoming the Time Delay Problem 21

2.3.1 Predictive Displays 21

2.3.2 Control Methods 23

2.3.3 Movement Prediction 24

2.4 Inertial Considerations in Haptics 26

2.5 Evaluation of Current Research Stand 26



Contents

ii

3 Research Question 1: Inertial Influence 29

3.1 Overview 29

3.2 Inertia in Haptic Devices 30

3.2.1 Definition of Inertia 30

3.2.2 Simulating Inertia in Haptic Devices 30

3.3 Motivation for Inertia Considerations 32

3.3.1 Increased dynamic data smoothness 32

3.3.2 Reduced choppiness in operator movements 33

3.4 Experimental Design 33

3.4.1 Initial Experiment: Human Sensitivity Analysis 35

3.4.2 Main Experiment: Influence of Inertia on Operator Performance 40

3.5 Experimental Results 54

3.5.1 Initial Experiment 54

3.5.2 Main Experiment 56

3.6 Section Conclusion 61

4 Research Question 2: An Optimal Algorithmic Implementation 63

4.1 Introduction 63

4.2 Overview of Algorithmic Approaches 66

4.2.1 Characteristics of an Optimal Algorithm 66

4.2.2 Considered Algorithms and Implementations 66

4.3 Introduction to Selected Algorithms 68

4.3.1 Filter Techniques and the Kalman Filter 68

4.3.2 Double Exponential Smoothing 74

4.3.3 Neural Networks 77

4.3.4 Support Vector Regression 82

4.3.5 Summary of Algorithms 93

4.4 Experimental Procedure 93

4.4.1 Algorithmic Implementations 94

4.4.2 Combined Prediction and Deadband 95

4.5 Experimental Results 97

4.5.1 Optimal Algorithm 97



Contents

iii

4.5.2 Combined Deadband and Prediction 98

4.6 Section Conclusion 102

5 Evaluation 103

5.1 Overview 103

5.1.1 Hardware 103

5.1.2 Software 106

5.1.3 Experimental Procedure 107

5.2 Experimental Results 108

5.2.1 Prediction for Delay Compensation 108

5.2.2 Prediction for Compression 112

5.3 Discussion of Results 112

5.3.1 Analysis of Prediction Time 113

5.3.2 Overshooting 114

5.4 Section Conclusion 116

6 Conclusions and Future Work 117

Bibliography 119



Abbreviations

v

Abbreviations

AARNet Australian Research and Education Network 

ANN Artificial Neural Network 

DC Direct Current 

DESP Double Exponential Smoothing 

DFN Deutsches Forschungsnetz 

DIN Deutsches Institut für Normung 

DOF Degree of freedom 

ECNN Error Correction Neural Network 

GLUT OpenGL Utility Toolkit 

HTML Hypertext Markup Language 

IP Internet Protocol 

ISDN Integrated Services Digital Network 

ISP Internet Service Provider 

JND Just Noticeable Difference 

LAN Local Area Network 

MEMS Micro Electro Mechanical Systems 

NAP Network Access Provider 

NSP Network Service Provider 

OpenGL Open Graphics Language 

POP Point of Presence 

PSE Point of Subjective Equality 

RMSE Root Mean Square Error 

RTT Round Trip Time 

SDK Software Development Kit 

SVM Support Vector Machine 

SVR Support Vector Regression 

TCP Transmission Control Protocol 

UDP User Datagram Protocol 

UML Unified Modelling Language 

URL Uniform Resource Locator 

VESA Video Electronics Standards Association 

WLAN Wireless Local Area Networks 

w.r.t. With respect to 



List of Figures 

vii

List of Figures 

Figure 1.1: Components of a typical telepresence scenario. .......................................... 1

Figure 1.2: Various commercial haptic devices. (MASSIE et al. 1994; LINDE et al. 
2002; IMMERSION 2006) ......................................................................................... 3

Figure 1.3: Two-node network representation showing data flow between two 
computers. ............................................................................................................... 6

Figure 1.4: Typical Internet infrastructure showing  various networks  and 
communication lines. .............................................................................................. 8

Figure 1.5: Internet infrastructure showing the hierarchy of NSPs and ISPs................. 9

Figure 1.6: Possible router routes between two computers on the Internet.................... 9

Figure 1.7: Electrical,  fibre optic, and wireless communication media. ..................... 10

Figure 1.8: Layered network model showing TCP/IP and UDP/IP.............................. 13

Figure 1.9: Diagram of thesis structure. ....................................................................... 17

Figure 2.1: Diagram of chapter structure...................................................................... 19

Figure 2.2: Typical network round trip times for various network types..................... 20

Figure 2.3: Operation of predictive displays. ............................................................... 22

Figure 2.4: Main components of a teleoperation system (ARCARA et al. 2002). ......... 23

Figure 2.5: Prediction to smoothen drawing of the letter “C” (GUTWIN et al. 2003)... 26

Figure 3.1: Diagram of chapter structure...................................................................... 29

Figure 3.2: Mechanics of a force feedback joystick. .................................................... 31

Figure 3.3: Data extracted under different inertia conditions....................................... 33

Figure 3.4: Experimental design to answer Research Question 2. ............................... 34

Figure 3.5: Graphical explanation of PSE and JND. .................................................... 36

Figure 3.6: Staircase method to determine PSE for inertia in the PHANToM device. 37

Figure 3.7: Psychometric function showing detection rates  against stimulation 
intensity................................................................................................................. 39

Figure 3.8: Initial experiment task to determine PSE and JND for inertia................... 39

Figure 3.9: Typical network packet path between Garching, Germany,  and 
Wollongong, Australia.......................................................................................... 41



List of Figures 

viii

Figure 3.10: Three-dimensional hotwire telepresence task for main experiment. ....... 42

Figure 3.11: Distance of torus centre to path centre in the hotwire experiment........... 43

Figure 3.12: Vectorial contact force between torus and path  in the hotwire experiment.
............................................................................................................................... 44

Figure 3.13: Hardware setup for the hotwire experiment............................................. 45

Figure 3.14: Hardware components for the hotwire experiment. ................................. 45

Figure 3.15: Mechanism behind CrystalEyes shutter glasses....................................... 46

Figure 3.16: UML time sequence diagram for the hotwire experiment. ...................... 49

Figure 3.17: UML class diagram for the hotwire experiment. ..................................... 51

Figure 3.18:  Staircase method in the initial experiment to determine JND. ............... 55

Figure 3.19: Comparison of typical local and international performances  for the 
hotwire experiment. .............................................................................................. 56

Figure 3.20: Hotwire experiment performance example under  international network 
conditions. ............................................................................................................. 57

Figure 3.21: Recorded round trip times during the hotwire experiment,  also clearly 
showing jitter. ....................................................................................................... 57

Figure 3.22: Box plot of offset_Y vs. network for the hotwire experiment. ................ 58

Figure 3.23: Box plot of stdDev_Y vs. network for the hotwire experiment............... 59

Figure 3.24: Individual value plot showing the influences of both network and inertia  
for the hotwire experiment.................................................................................... 60

Figure 3.25: Interaction plot for the hotwire experiment. ............................................ 60

Figure 4.1: Using function approximation to generate a prediction............................. 63

Figure 4.2: Combining prediction with the deadband approach................................... 64

Figure 4.3: Reduced bandwidth through combining deadband and prediction. ........... 64

Figure 4.4: Diagram of chapter structure...................................................................... 65

Figure 4.5: Graph showing the trade-off between calculation time and accuracy. ...... 66

Figure 4.6: Translation and rotation axes of the PHANToM haptic device................. 69

Figure 4.7: Explaining the Kalman Filter: Predicted and measured positions,  xn and yn,
respectively. .......................................................................................................... 69

Figure 4.8: A Neuron Cell showing the origin of neural network components. .......... 78

Figure 4.9: Artificial representation of a neuron. ......................................................... 78



List of Figures 

ix

Figure 4.10: Three layered neural network structure.................................................... 79

Figure 4.11:Architecture of the ECNN incorporating overshooting  (ZIMMERMANN et 
al. 2001). ............................................................................................................... 81

Figure 4.12: The maximal margin idea for SVM classification. .................................. 83

Figure 4.13: Graphical comparison of SVM maximal margin hyperplane vs. another 
possible hyperplane............................................................................................... 83

Figure 4.14:  Mathematically obtaining the maximal margin in SVM classification. . 84

Figure 4.15: Accounting for slack variables in Support Vector Regression. ............... 90

Figure 4.16: Experimental procedure taken to determine the most  accurate prediction 
algorithm. .............................................................................................................. 93

Figure 4.17: Microassembly telepresence scenario for  combined deadband and 
prediction. ............................................................................................................. 95

Figure 4.18: Close-up of the microassembly telepresence scenario  showing the three 
translational axes................................................................................................... 96

Figure 4.19: Graph showing two possible implementations of the  DESP algorithm in 
the deadband approach.......................................................................................... 96

Figure 4.20: Graph of accuracy results for all four prediction algorithms. .................. 97

Figure 4.21: Graph showing the performance of various alpha values in terms of 
RMSE.................................................................................................................... 98

Figure 4.22: Graphical comparison of two different alpha values. .............................. 99

Figure 4.23: Graphical results of DESP with constant alpha. .................................... 100

Figure 4.24: Graphical results of DESP with dynamic alpha. .................................... 100

Figure 4.25: DESP: Graphical results of conditionally keeping the original data. .... 100

Figure 4.26: Comparing the performance of the three tested DESP implementations.
............................................................................................................................. 101

Figure 5.1: Incorporating the two research questions into the evaluation scenario.... 103

Figure 5.2: MEMS motor shown against a strand of human hair............................... 104

Figure 5.3: MEMS assembly task for the evaluation scenario. .................................. 105

Figure 5.4: MEMS motor upon which the evaluation scenario was based (UW-
WISCONSIN 1990). .............................................................................................. 105

Figure 5.5: Flow chart representation of the software for the evaluation................... 106



List of Figures 

x

Figure 5.6: Simulating network delay with a buffer................................................... 107

Figure 5.7: One step prediction with DESP in the evaluation scenario...................... 108

Figure 5.8: Two step prediction with DESP in the evaluation scenario..................... 109

Figure 5.9: Three step prediction with DESP in the evaluation scenario................... 109

Figure 5.10: Four step prediction with DESP in the evaluation scenario................... 110

Figure 5.11: Five step prediction with DESP in the evaluation scenario. .................. 110

Figure 5.12: Comparing ‘RMSE Predicted’ with ‘RMSE Delayed’ showing the 
improved operator performance due to prediction. ............................................ 111

Figure 5.13: Five step prediction with DESP in the evaluation scenario. .................. 112

Figure 5.14: Graph of prediction performance for higher prediction times to determine 
an upper limit to the effectiveness of prediction. ............................................... 113

Figure 5.15: Graph showing how various prediction approaches can be  optimal 
depending on the prediction time........................................................................ 114

Figure 5.16: Prediction example showing the presence of overshooting. .................. 115

Figure 5.17: Graph showing the increased magnitude of overshooting with increased 
prediction time. ................................................................................................... 116



List of Tables 

xi

List of Tables 

Table 3.1: Various force feedback actuation methods.................................................. 31

Table 3.2: The six various experimental settings for the hotwire scenario. ................. 52

Table 3.3: The six possible sequences of experiments for the human subjects............ 53

Table 3.4: The order of experiments for all participants. ............................................. 54

Table 4.1: Various Alpha Values for Double Exponential Smoothing. ....................... 76

Table 4.2: List of Kernel Functions for Support Vector Regression............................ 92



List of Symbols 

 xiii

List of Symbols 

Symbol SI unit Meaning 

- single smoothing constant 

i - Lagrangian multiplier 

- weight matrix 

b - offset matrix 

B - weight matrix 

C - weight matrix 

COV - covariance 

d - input space dimension 

D - weight matrix 

- precision variable 

f - function 

F N force 

- double smoothing constant 

ng - first trade-off factor 

nh - second trade-off factor 

I kg*m2 moment of inertia 

)( xx.k - kernel function 

K - trade-off constant 

- number of training inputs 

L - Lagrangian function 

m - number of steps ahead to predict 

- margin width 

p - significance factor 

P - polynomial degree 

- mapping to feature space 

- set of real numbers 

st - state transition 

Si - smoothed observation 

T s sampling period 



List of Symbols 

xiv

u - external influences variable 

VAR - variance 

w - weight vector 

W - optimisation function 

x m position 

x ms-1 velocity  

x ms-2 acceleration 

y - observation 

yt - output equation 

- slack variable 

* - estimate indicator 



1.1 Telepresence Systems 

1

1 Introduction

1.1 Telepresence Systems 

Telepresence refers to the “phenomenon that a human operator develops a sense of 
being physically present at a remote location through interaction with the system’s 
human interface, i.e. through the user’s actions and the subsequent perceptual feedback 
he/she receives via the appropriate teleoperation technology” (IJSSELSTEIJN et al. 
2000).  This remote location usually contains a robot performing a certain task with 
the help of the user. 

Figure 1.1 shows the three key components of telepresence scenarios: (1) the human 
“operator”, to remotely control the task to be completed, (2) the telerobot or “teleop-
erator” to carry out the required task on site, and (3) a suitable communication plat-
form, to handle the fast and secure exchange of data, and to monitor the software com-
ponents within the system.  In order to efficiently fulfil the given task, the human op-
erator is equipped with the necessary input devices and feedback information to guar-
antee an intuitive working environment. 

(1) Operator (2) Teleoperator

(3) Communication

Figure 1.1: Components of a typical telepresence scenario. 

All telepresence systems involve human presence in the control loop.  Since setting up 
such a system is still a relatively tedious task, the implementation of telepresence sys-
tems needs to be justified.  Indeed, there exist numerous applications for which 
telepresence is the superior solution in comparison to automating the process or having 
it carried out through direct human contact.  Typical applications include remote sur-
gery, bomb disposal, and satellite repair.  A deeper review of telepresence applications 
and their justification is given in Section 1.2. 
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As with all tasks to be accomplished, the goal of telepresence systems is to complete 
the required task as well and as efficiently as possible.  Since the human is present in 
the telepresence control loop, a particular aim of telepresence systems is to guarantee 
an intuitive working environment for the human operator.  The operator should feel 
immersed in the working environment, and two similar terms exist to quantify this: 
immersion and presence.  Immersion refers to a human’s sense of engagement within 
an environment; an immersive application fools the user into believing that he/she is 
actually there.  Presence refers to a psychological state or subjective perception in 
which even though part or all of an operator’s current experience is generated by hu-
man-made technology, part or all of the individual's perception fails to accurately ac-
knowledge the role of the technology in the experience (ISPR 2000).  Much research, 
including this thesis, is dedicated to improving the immersion and presence of 
telepresence systems. 

The next three sub-sections are dedicated to explaining each of the three telepresence 
system components from Figure 1.1. 

1.1.1 Teleoperator 

The Teleoperator carries out the task to be achieved by the telepresence system.  Since 
a wide range of possible teleoperators exists, there is no single way to describe them.  
They all, however, possess sensors.  Sensors are required to provide the operator with 
all the necessary feedback information to efficiently complete the task.  Teleoperators 
are usually equipped with a vast array of sensors, such as force sensors, contact sen-
sors, and light sensors or cameras.  An in depth look at sensor technologies in teleop-
erators is given in (SCHILP et al. 2004). 

1.1.2 Operator

The sensor data from the teleoperator is displayed to the human operator.  There are 
five human senses: sight, touch, sound, taste and smell.  Sight, or visual feedback, is 
present in almost all telepresence systems.  Touch through haptic input devices is also 
widely used.  Sound feedback is in use but less widespread than the first two senses, 
and the final two senses are rarely found in telepresence systems nowadays. 

For humans, sight is the most crucial of the senses for perceiving the world around us 
(NRC 1998).  Visual feedback can include live video stream, a virtually rendered rep-
resentation of the teleoperator environment, or both.  A comparison of various visual 
feedback methods is given in (PETZOLD et al. 2004). 

Of particular interest to this research is force feedback through haptic input devices.  
These devices receive force data from the teleoperator side, often from a force sensor, 
and display this data through a haptic device.  Various commercial haptic input de-
vices exist, as illustrated in Figure 1.2.  Such devices vary according to their degrees of 
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freedom (both motion and force), magnitude of force feedback, workspace volume, 
and intended input mechanism.  For example, the Impulse Stick (IMMERSION 2006) 
has three motion degrees of freedom, two force feedback axes, and a maximum force 
of 14.5 Newtons.  The PHANToM 6 DOF (MASSIE et al. 1994) has six motion and 
force degrees of freedom and a maximum translational force of 8.5 Newtons.  Rele-
vant to this research is the simulation of inertia in haptic devices, which will be dis-
cussed in greater detail in Section 3.2.2. 

Haptic Master
FCS Robotics

PHANToM 6 DOF
SensAble Technologies

PHANToM Desktop
SensAble Technologies

Impulse Stick
Immersion Corporation

Figure 1.2: Various commercial haptic devices. 

(MASSIE et al. 1994; LINDE et al. 2002; IMMERSION 2006) 

Sound feedback in telepresence systems has been increasing in popularity, especially 
three-dimensional sound feedback (KEYROUZ et al. 2006).  Haptic impressions can 
also be significantly enhanced by simultaneously playing certain sounds.  For exam-
ple, hard contact with a wall can appear harder by simultaneously playing a suitable 
knocking sound. 

1.1.3 Communication Layer 

The communication layer provides the means through which data is transferred back 
and forth between the operator and teleoperator.  Data must be transferred at high rates 
and with low amounts of losses; otherwise the data sent from the operator to the 
teleoperator and vice versa will be distorted, delayed or even false.  Such a distortion 
is likely to disturb the stability of the teleoperator, and reduce the sense of presence 
experienced by the human operator. 

Since the communication layer is highly relevant to the research in this thesis, an in 
depth explanation of the mechanisms behind this layer is given in Section 1.4. 

The three telepresence components described above represent a basic system configu-
ration.  It is possible for systems to deviate from or expand upon this model.  For ex-
ample, instead of the operator receiving force values from a sensor on the teleoperator-
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side, (GOLLE et al. 2004) uses a local force model and (ZAEH et al. 2004) uses a local 
virtual force sensor to obtain forces.  Also possible is the existence of multiple opera-
tors and teleoperators, as in (DALTON et al. 1998).  The exact configuration of a sys-
tem is largely related to its application.  Typical telepresence applications are outlined 
in the next section. 

1.2 Telepresence Applications 

As mentioned in Section 1.1, the use of telepresence technologies to complete a task 
needs to be well reasoned.  Implementing telepresence can be justified if one or more 
of the following conditions holds true: 

1. The task needs to be carried out manually. 

For some reason, automation is ruled out. This is the case in telepresent surgery 
(TODD et al. 2005), where the ability of highly trained surgeons can be utilised 
at various remote distances . 

2. Human presence in the working environment is dangerous, but human intelli-

gence is required to control the task. 

In this case, the human is transported to a safe working environment, and com-
pletes the task in a telepresent manner. Examples include mining, bomb dis-
posal, military operations, rescue of victims from fire, and toxic atmospheres. 

3. A safe working environment is possible, but highly inaccessible for humans. 

Typical applications include all space applications such as planetary explora-
tion, and deep sea operations. 

4. A safe and accessible working environment is present, but the required geomet-

ric scale is difficult for a human to achieve. 

Small scale production of micro and smaller sized components fits into this 
category, where humans are incapable of directly working at such small dimen-
sions.  On the other side of the scale, tasks involving large dimensions, such as 
building demolition, can also benefit from telepresent setups. 

5. Any other solution would be more expensive. 

Although telepresence technologies are often expensive, it can offer the most 
cost effective solution.  For example, repairing a satellite in space can be 
cheaper through the use of a teleoperator, which has no human requirements 
such as oxygen and food.  Deep sea applications involving deep water divers 
are also very expensive due to safety regulations, hyperbaric equipment, time 
spent in decompression, and support vessel costs. 

6. Educational benefits exist.

The benefits of enabling school children to take an active part in exploration 
have been shown by the JASON and the NASA Ames Research Centre pro-
grammes (STREBE 2002). The ability of a pupil, student, or researcher to ex-
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plore an otherwise inaccessible location is a very attractive proposition.  Exam-
ples include locations where the passage of too many people is harming the 
immediate environment or the artefacts themselves, such as undersea explora-
tion of coral reefs and ancient Egyptian tombs. 

In addition to the listed reasons and applications, less serious applications for 
telepresence exist, which may become more wide spread when they become more cost 
effective.  An example is the entertainment industry.  Telepresence could be incorpo-
rated into theme parks to enable visitors to explore other planets and climb the highest 
mountains.  In amusement parks, visitors could enjoy the thrills of a roller coaster ride 
while remaining in a safe environment. 

Because all of these applications possess some kind of communication mechanism, 
they are all susceptible to the network delay problem. 

1.3 The Network Delay Problem 

Network delay is a well known problem in telepresence systems.  Delays in the com-
munication layer can have adverse effects on both the teleoperator and the operator.  
Stability issues on the teleoperator-side are a major concern.  Much research is dedi-
cated to control architectures which guarantee stability of the teleoperator.  In the pres-
ence of time delays, many such architectures break down. 

On the operator-side, network delays can also have negative stability effects on the 
haptic device.  Even if the operator-side runs in a stable manner, the presence of delays 
decreases the operator’s sense of presence in the working environment.  This, in turn, 
reduces the effectiveness with which the telepresence task is completed.  As will be 
shown in this research, network delays can make a task almost impossible to complete, 
and can also increase user frustration to the point that they are mentally unable to fin-
ish the operation. 

Numerous research undertakings have proven the adverse effects of network delays, as 
will be outlined in Section 2.2. 

1.4 Communication Networks 

This section provides an overview of the communication networks involved in 
telepresence systems.  First important definitions are presented, followed by an expla-
nation of the hardware and then the software involved in telepresence communication 
networks. 
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2 Previous Work 

2.1 Overview of Existing Research 

This chapter outlines existing work relevant to the research in this thesis.  Figure 2.1 
shows the chapter layout.  The first two sections concentrate on the time delay prob-
lem.  Section 2.2 looks at studies which have analysed the effects of time delay on op-
erator performance and immersion, and confirmed it to be a problem.  Section 2.3 out-
lines existing methods which aim to overcome the time delay and network problem in 
telepresence and similar scenarios, including predictive displays and movement pre-
diction.  Section 2.4 is devoted to existing work regarding simulated inertia in 
telepresence and haptic devices, which is a less researched area relevant to the first 
research question of this thesis.  Finally, Section 2.5 evaluates the current research 
stand.

Section 2. 2

Analysis of the

Time Delay

Problem

Section 2. 2

Analysis of the

Time Delay

Problem

Section 2.3

Overcoming the

Time Delay

Problem

Section 2.3

Overcoming the

Time Delay

Problem

Section 2.4

Inertial

Considerations

in Haptics

Section 2.4

Inertial

Considerations

in Haptics

Section 2.5

Evaluation of

Current Research

Stand

Section 2.5

Evaluation of

Current Research

Stand

Section 2.2.1

Typical Network

Delay Times

Section 2.2.2

Effect of

Time Delay on

Telepresence

Section 2.3.1

Predictive Displays

Section 2.3.3

Movement

Prediction

Section 2.3.2

Control Methods

Section 2.3.1

Predictive Displays

Section 2.3.3

Movement

Prediction

Section 2.3.2

Control Methods

Chapter 2

Previous Work

Figure 2.1: Diagram of chapter structure. 
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2.2 Analysis of the Time Delay Problem 

This section presents typical network delay times found in numerous studies, and then 
looks at existing research on the effects of time delay on telepresence. 

2.2.1 Typical Network Delay Times 

Remote control in telepresence applications always involves a network for communi-
cation between the operator and the teleoperator.  Regardless of the type of network 
employed, network delays are inevitable.  For local applications, this delay can be so 
small (< 1ms) that it is insignificant.  In long distance wireless applications, the delay 
can reach up to tens of seconds.  Figure 2.2 shows typical round trip times for various 
network types and conditions.  The first three columns refer to earth-bound and wired 
internet connections between various countries.  These values were determined by us-
ing the “ping” command, which represents the time it takes a network packet to reach 
a predetermined destination and return to the host.  In wireless local area networks 
(WLAN), the typical round trip time “varies between a few hundred milliseconds and 
one second” (AKAN et al. 2004).  The delay in wireless networks depends on a number 
of factors such as the available bandwidth, network traffic, distance, and number of 
hops.  For communication with low earth orbit satellites, round trip time delays are 
“minimally 0.4 seconds” (SHERIDAN 1992). 
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Figure 2.2: Typical network round trip times for various network types. 

At the larger end, typical round trip times for vehicles close to the moon approach 6 
seconds (SHERIDAN 1992).  As expected, this increases with communication to more 
distant vehicles in outer space. 
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Telepresence applications span the entire spectrum of possible round trip times, from 
local telesurgery with negligible delay, to deep space communication with very large 
round trip times. 

2.2.2 Effect of Time Delay on Telepresence 

As discussed in the previous section, communication networks inevitably involve de-
lays.  The problem of time delay in the control of remote robots has been known for 
decades.

In 1965, Ferrell showed how an increase in time delay leads to an increase in the time 
needed to complete a simple 2 degree of freedom teleoperation (FERRELL 1965).  In 
1971, similar experiments were performed with a six degree of freedom master-slave 
manipulator (BLACK 1971).  Thompson also carried out a similar study, but addition-
ally showed how the completion time for a specific task was affected by the degrees of 
constraint, in addition to the time delay (THOMPSON 1977). 

Each of these experiments analysed the operator’s performance in terms of measurable 
quantities such as time to complete and accuracy.  The negative psychological effects 
of time delays were confirmed in (HELD et al. 1966), which showed that for delays as 
small as 300 ms, subjects dissociate the teleoperator hand movements from those of 
their own hands. 

A thorough literature review on the effects of time delay on telepresence tasks is given 
in (SHERIDAN 1992). 

2.3 Overcoming the Time Delay Problem 

As illustrated in the previous section, time delays in telepresence scenarios lead to re-
duced operator performance and immersion.  Particularly in the case of delayed force 
feedback, time delays can lead to system instabilities.  A number of methods have 
been developed to cope with these problems, ranging from predictive displays to vari-
ous control theory architectures. 

2.3.1 Predictive Displays 

The general idea behind predictive displays is shown in Figure 2.3.  Basically, motion 
data from the input device is sent directly to a locally situated display containing a vir-
tual representation of the telerobot.  In this way, the display is fed data directly from 
the haptic device, thus creating the appearance of close-to-zero delay.  Meanwhile, the 
teleoperator still receives the delayed motion or position commands from the haptic 
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3 Research Question 1: Inertial Influence 

3.1 Overview 

The research in this chapter aims to determine the influence of varying simulated iner-
tia values on telepresence performance.  Simulated inertia refers to the exertion of in-
ertial forces on the haptic input device.  Telepresence performance refers to both the 
success with which a telepresence task is executed, and the sense of presence experi-
enced by the user. 

Figure 3.1 shows the structure of this chapter.  Section 3.2 introduces the concept of 
simulated inertia and its application to haptic devices.  Section 3.3 provides motivation 
for considering the influence of inertia in telepresence applications.  The experimental 
design constructed to answer this research question is described in Section 3.4, the re-
sults of which are presented in Section 3.5.  Finally, Section 3.6 summarises the re-
search findings. 
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Figure 3.1: Diagram of chapter structure. 
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3.2 Inertia in Haptic Devices 

3.2.1 Definition of Inertia 

The dictionary definition of inertia is as follows: 

“The tendency of a body to resist acceleration; the tendency of a body at rest to remain 
at rest or of a body in straight line motion to stay in motion in a straight line unless 
acted on by an outside force.” (Mifflin 2004) 

Although this definition only mentions straight line motion, ‘moment of inertia’ is also 
a well-known concept which refers to the tendency of a body to resist rotational accel-
eration.  As will be explained in Section 3.2.2, inertia in haptic devices is usually me-
chanically implemented as a moment of inertia. 

According to Newton's first law of motion, an object moving with a given velocity will 
maintain that velocity unless acted on by an external force. Inertia is the property of 
matter that makes this law hold true. 

The amount of inertia that an object possesses is proportional to its mass. However, 
inertia is not the same thing as mass or momentum (the product of velocity and mass). 
The mass of an object can be measured by observing the extent of its inertia. This is 
done by measuring the amount of force required to produce a certain acceleration 
value.

3.2.2 Simulating Inertia in Haptic Devices 

In haptic devices, the most straightforward way of simulating inertia is to multiply the 
current acceleration by a “virtual inertia” constant (BROUWER 2004), and exert the 
vector negative of this force on the part of the haptic device which is in contact with 
the human.  This will create a sense of resistance for the user, thus simulating inertia. 

The next issue is then to explain how forces are exerted in haptic devices. There exist 
numerous methods through which to achieve force feedback, as listed in Table 3.1 
(MACLEAN 2000). 
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Table 3.1: Various force feedback actuation methods. 

Method Comments 

Electric motors DC brush motors. Very common 
Pneumatic Clean, no messy fluids. But requires a com-

pressed air source. 
Hydraulic Strong, but liquids need to be contained, and 

safety issues are highly important. 
Piezo Strong and fast, but displacements are rela-

tively small. 

By far the most common method adopted, in both expensive research models and 
cheaper gaming devices, is the DC brush motor.  The mechanics behind a simple two 
degree of freedom joystick are quite simple, as shown in Figure 3.2 (WALTERS 1997).

Slotted

balesLever

Electric motors

Figure 3.2: Mechanics of a force feedback joystick.

The joystick lever passes through the intersection of two perpendicular slotted bales. 
At one end of each of the bales there exists an electrical DC motor, which when actu-
ated, rotates the corresponding bale, thereby exerting a perpendicular force on the 
lever arm. In cheaper joysticks, the transmission between the motor and bales must 
have play, otherwise the gears will bind. Additionally, there exists much play in the 
slotted bales themselves. In more expensive haptic devices, tight gears in the transmis-
sion require precise machining, and more complex mechanisms replace the relatively 
loose slotted bales. One such mechanism has been patented by Immersion (IMMERSION

2006).
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The PHANToM haptic device (MASSIE et al. 1994) is a commercial patented product, 
there is therefore little published information regarding its internal structure.  The 
PHANToM Desktop model, which was widely used in this research, basically consists 
of three revolute joints, each connected to a computer-controlled DC motor 
(HESPANHA et al. 2002).  At the tip of the device exists a pen-like stylus to be held by 
the user.  By sending appropriate voltages to the motors, desired forces in any direc-
tion are possible. 

In force feedback joysticks and in other haptic devices such as the PHANToM Desk-
top, simulated inertia is most commonly implemented as a moment of inertia, even 
though the end result on the user may feel like the inertia is acting against straight line 
motion.  The reasoning for this is simply the mechanical construction of haptic de-
vices, which, as previously explained, usually consists of DC brush motors. 

3.3 Motivation for Inertia Considerations 

In this research, the existence of inertia in haptic devices is expected to provide two 
benefits for teleoperation, the first of which is relevant to Research Question 2.  
These are: 

1. Increased smoothness of position data, and therefore a superior prediction per-
formance.

2. Reduced choppiness in the movements of the operator, and therefore better con-
trol over the teleoperator. 

Each of these possible benefits is discussed in turn. 

3.3.1 Increased dynamic data smoothness 

Figure 3.3 shows two data series extracted from the PHANToM Desktop device by the 
same user, completing the same task, but under different inertia conditions.  The upper 
data series was extracted without inertia, and the lower series was extracted under 
conditions of “high” inertia. Exactly how much “high” is, and how it was determined, 
is explained in Section 3.4.1. 
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Without Inertia

With Inertia

PHANToM Position Data

Figure 3.3: Data extracted under different inertia conditions. 

The important observation to note here is that the data extracted in the presence of in-
ertia appears to be smoother than that without inertia. Intuitively, this smoother data 
series should be easier to conduct a time series prediction on in comparison to the less 
smooth data series.  Therefore, the first expected advantage of the presence of inertia is 
an improved performance of time series prediction algorithms on movement data from 
the PHANToM device. 

3.3.2 Reduced choppiness in operator movements 

The second anticipated advantage is a reduction in the choppiness of the operator’s 
movements.  This is also a seemingly intuitive claim.  Inertia itself is essentially a re-
sistance which acts in all directions, and thereby prevents or represses sudden or ex-
plosive movements of the user holding the haptic device. This repression is anticipated 
to provide the user with a higher degree of control over the teleoperator.  On the other 
side, the ability to carry out sudden movements will also be hindered; however, very 
few telepresence scenarios would require such explosive actions. 

3.4 Experimental Design 

Since the aim of this experiment is to determine the influence of various inertia set-
tings on operator performance, the experimental design necessarily involves (1) human 
operators, and (2) a standardised telepresence task to be completed under varying iner-
tia settings.  To analyse the influence of inertia under delayed network conditions, the 
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4 Research Question 2: An Optimal Algorithmic Implementation 

4.1 Introduction 

This chapter focuses on the development of an optimal prediction algorithm for 
telepresence applications.  Specifically, the two goals of this chapter are: 

1. Prediction for delay compensation: To determine an optimal prediction algo-
rithm for a typical set of telepresence data. 

2. Prediction for compression: To combine this optimal algorithm with the so-
called “deadband method” (HINTERSEER et al. 2005) to achieve a best possible 
reconstruction of pre-compressed data. 

Both of these methods involve the prediction of future data values, as shown in Figure 
4.1.  Part (1) shows five data points extracted from the haptic device in the 
telepresence scenario.  This could be position, velocity acceleration or force data.  Part 
(2) shows a function approximation based on these five points, and part (3) imple-
ments this function approximation at future time points to generate predictions.  
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Figure 4.1: Using function approximation to generate a prediction. 

Figure 4.2 illustrates the process of combining the deadband approach with prediction.  
In telepresence systems, the deadband method or approach refers to the process of 
sending only a fraction of a certain data signal across the communication network, in 
order to reduce the required bandwidth.  The actual “deadband” refers to the region in 
which no data is sent.  Various methods can be undertaken to select which data points 
should be sent across the network and which data points should be discarded.  For ex-
ample, when sending position signals read from a sensor, all data points which lie 
within the noise range of the sensor can possibly be discarded.  In previous studies 
(HINTERSEER et al. 2005), the deadband was determined by the amount of change in a 
stimulus a human can detect.  This approach is particularly relevant to telepresence 
systems, because of the human presence in the control loop. 
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Each of the three illustrated curves in Figure 4.2 represents typical movement or haptic 
data against time.  The topmost curve shows an original data series, where each of the 
black circles is a sampled data value.
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Original data
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Figure 4.2: Combining prediction with the deadband approach. 

The middle data series shows the result of implementing the deadband approach.  The 
dependence of the step size of the deadband on the absolute magnitude of the sample 
value can be seen.  Based on psychophysics, the threshold difference (i.e. the amount 
of change in a stimulus a human is able to discriminate) depends on the magnitude of 
the stimulus itself (Weber’s Law) (GOLDSTEIN 1980).  The white circles represent 
sample values which are not sent across the communication network, thereby decreas-
ing the total amount of sent data. At the receiving end of the network, a prediction al-
gorithm is implemented in an attempt to restore the data series to its original form, as 
shown in the bottommost series.  Figure 4.3 further illustrates this combined deadband 
and prediction approach. 

Figure 4.3: Reduced bandwidth through combining deadband and prediction. 
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The thin black line between the operator and teleoperator reflects the reduced amount 
of data (reduced bandwidth) sent across the network. 

Figure 4.4 illustrates the structure of this chapter. 
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Figure 4.4: Diagram of chapter structure. 

Section 4.2 outlines the characteristics of an optimal prediction algorithm for 
telepresence applications, and reasons the choice of algorithms considered in this re-
search.  Each of these algorithms is introduced in tutorial fashion in Section 4.3.  Sec-
tion 4.4 details the experimental procedure undertaken in determining an optimal algo-
rithm.  The results are presented in Section 4.5, and Section 4.6 summarises the results 
of the chapter. 
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4.2 Overview of Algorithmic Approaches 

Determining an optimal prediction algorithm involves applying various algorithms to a 
set of relevant and typical movement or force data.  The best performing algorithm 
will be the optimal algorithm for the given set of data.  Various statistics exist to judge 
the performance of an algorithm, as discussed in the next section. 

4.2.1 Characteristics of an Optimal Algorithm 

Various characteristics define an optimal prediction algorithm.  Most importantly, the 
prediction needs to be accurate.  Equally important, the prediction algorithm needs to 
be fast.  The time it takes for the algorithm to generate the prediction is essentially 
time which is added to the initial delay.  As illustrated in Figure 4.5, a direct relation-
ship between prediction accuracy and calculation time can be expected.  For example, 
simple routines such as linear interpolation are extremely fast, but relatively inaccu-
rate.  In contrast, complex and intelligent machine learning algorithms can generate 
accurate predictions, but at the cost of a high calculation time.  Classic filter algo-
rithms such as the Kalman Filter (KALMAN 1960) are placed between the two ex-
tremes.  An optimal Kalman Filter should be included in the analysis, since it has been 
the most widely used algorithm in past decades. 
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Figure 4.5: Graph showing the trade-off between calculation time and accuracy. 

4.2.2 Considered Algorithms and Implementations 

Due to the large amount of possible prediction algorithms, comparing all possible al-
gorithms against each other is not feasible.  Instead, a well-selected group of algo-
rithms should be determined and used in the analysis.  In this study, the following four 
algorithms have been selected for analysis: 
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5 Evaluation 

5.1 Overview

In this section, the results of Research Question 1 and Research Question 2 are incor-
porated into a single experiment, as shown in Figure 5.1. 

Research Question 1:

Inertia value

Research Question 2:

Optimal algorithm

Evaluation scenario

Figure 5.1: Incorporating the two research questions into the evaluation scenario. 

The results of Research Question 1 explain that the simulation of inertia at certain val-
ues does not affect operator performance or immersion.  From Research Question 2, 
among the tested algorithms, Double Exponential Smoothing was shown to generate 
the optimal performance for the prediction of movements in a typical telepresence sce-
nario.  Both of these results are to be incorporated into an evaluation scenario.  Impor-
tant to note is that a single evaluation cannot cover all possible telepresence scenarios.  
Even though some generic findings may apply to other telepresence scenarios, each 
individual scenario usually requires a separate evaluation. 

The next section describes the experimental setup of the evaluation scenario. 

5.1.1 Hardware 

As in previous experiments, the PHANToM Desktop is used as the input device.  A 
virtual microassembly scenario, shown in Figure 5.3, is implemented as the teleopera-
tor.  Between the operator and teleoperator lies a simulated communication layer.  This 
was chosen over a real network layer as in Section 3.4.2.1, because it enables the 
simulation of various network delays. 

An inertia value of 1.00025 x 10-4 kg*m2 was applied to the PHANToM Desktop.  
This is equal to Imid = PSE + JND from Section 3.5.1.  As shown in Research Question 
1, this should not adversely affect the operator’s working environment in any way.  
However, it has the positive influence of reduced choppiness in user movements, in 
addition to a better performance of the prediction algorithm. 
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6 Conclusions and Future Work 

This thesis focused on methods to overcome the network problem in telepresence sys-
tems.  Telepresence applications include all scenarios which require a task to be com-
pleted in an environment which is, for some reason, inaccessible to humans, but re-
quires human intelligence.  Examples include remote surgery, manual microassembly, 
disposal of explosives, deep sea exploration, and satellite repair in outer space.  All of 
these scenarios necessarily involve a communication mechanism between the human 
operator and the remote robot or teleoperator.  As with all networks, this communica-
tion layer will contain network delays which can adversely affect the operation.  The 
research in this thesis concentrated on overcoming or dealing with such delays through 
the use of simulated inertia and prediction algorithms. 

Two main research questions were addressed.  The first question focused on the use of 
simulated inertia as a supporting factor in telepresence scenarios, with and without 
network delays.  The second question aimed to find an optimal prediction algorithm 
for a typical telepresence scenario. 

To answer the first question, an experiment was conducted to determine the influence 
of simulated inertia in the haptic device on operator performance and immersion under 
both delayed and non-delayed network conditions.  To create a delayed network, the 
real international network layer between the Technical University of Munich, Ger-
many, and the University of Wollongong, Australia, was utilised.  This experiment 
involved thirty-six human subjects completing a total of 216 experiments under vary-
ing simulated inertia and network conditions. 

In answer to the first research question, simulated inertia in a haptic device was found 
to have no significant influence on operator performance or sense of presence.  This 
finding stands in contrast to the author’s hypothesis that inertia could act as a support-
ing mechanism through increasing the stability of the input device and decreasing the 
choppiness of the operator’s movements.  Nevertheless, the fact that inertia had no 
significant influence on important operator performance measurements means that in-
ertia can be implemented when it is expected to yield other secondary advantages.  
Specifically, inertia in the haptic device has a smoothing effect on the dynamic input 
data.  Smoother data is easier to predict, which is directly relevant to the second re-
search question. 

To answer the second research question, a strategically selected group of prediction 
algorithms was chosen for analysis.  The four chosen algorithms were Double Expo-
nential Smoothing, the Kalman Filter, Neural Networks, and Support Vector Regres-
sion.  Each algorithm was optimised against dynamic data extracted from a typical 
telepresence scenario.  The optimal algorithm was then implemented in two schemas.  
The first schema involved using the algorithm to directly compensate for network de-
lays through the prediction of future movement data.  By sending these predicted val-
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2 Integriertes Produktmodell - Von der Idee zum fertigen Produkt

82 Seiten · ISBN 3-931327-02-7

3 Konstruktion von Werkzeugmaschinen - Berechnung, Simulation 

und Optimierung

110 Seiten · ISBN 3-931327-03-5

4 Simulation - Einsatzmöglichkeiten und Erfahrungsberichte

134 Seiten · ISBN 3-931327-04-3

5 Optimierung der Kooperation in der Produktentwicklung

95 Seiten · ISBN 3-931327-05-1

6 Materialbearbeitung mit Laser · von der Planung zur Anwendung

86 Seiten · ISBN 3-931327-76-0

7 Dynamisches Verhalten von Werkzeugmaschinen

80 Seiten · ISBN 3-931327-77-9

8 Qualitätsmanagement · der Weg ist das Ziel

130 Seiten · ISBN 3-931327-78-7

9 Installationstechnik an Werkzeugmaschinen · Analysen und Konzepte

120 Seiten · ISBN 3-931327-79-5

10 3D-Simulation - Schneller, sicherer und kostengünstiger zum Ziel

90 Seiten · ISBN 3-931327-10-8

11 Unternehmensorganisation - Schlüssel für eine effiziente Produktion

110 Seiten · ISBN 3-931327-11-6

12 Autonome Produktionssysteme

100 Seiten · ISBN 3-931327-12-4

13 Planung von Montageanlagen

130 Seiten · ISBN 3-931327-13-2

14 Nicht erschienen – wird nicht erscheinen

15 Flexible fluide Kleb/Dichtstoffe · Dosierung und Prozeßgestaltung

80 Seiten · ISBN 3-931327-15-9

16 Time to Market - Von der Idee zum Produktionsstart

80 Seiten · ISBN 3-931327-16-7

17 Industriekeramik in Forschung und Praxis - Probleme, Analysen 

und Lösungen

80 Seiten · ISBN 3-931327-17-5

18 Das Unternehmen im Internet - Chancen für produzierende 

Unternehmen

165 Seiten · ISBN 3-931327-18-3

19 Leittechnik und Informationslogistik - mehr Transparenz in der 

Fertigung

85 Seiten · ISBN 3-931327-19-1

20 Dezentrale Steuerungen in Produktionsanlagen - Plug & Play - 

Vereinfachung von Entwicklung und Inbetriebnahme

105 Seiten · ISBN 3-931327-20-5

21 Rapid Prototyping - Rapid Tooling - Schnell zu funktionalen 

Prototypen

95 Seiten · ISBN 3-931327-21-3

22 Mikrotechnik für die Produktion - Greifbare Produkte und 

Anwendungspotentiale

95 Seiten · ISBN 3-931327-22-1

24 EDM Engineering Data Management

195 Seiten · ISBN 3-931327-24-8

25 Rationelle Nutzung der Simulationstechnik - Entwicklungstrends 

und Praxisbeispiele

152 Seiten · ISBN 3-931327-25-6

26 Alternative Dichtungssysteme - Konzepte zur Dichtungsmontage und 

zum Dichtmittelauftrag

110 Seiten · ISBN 3-931327-26-4

27 Rapid Prototyping · Mit neuen Technologien schnell vom Entwurf 

zum Serienprodukt

111 Seiten · ISBN 3-931327-27-2

28 Rapid Tooling · Mit neuen Technologien schnell vom Entwurf zum 

Serienprodukt

154 Seiten · ISBN 3-931327-28-0

29 Installationstechnik an Werkzeugmaschinen · Abschlußseminar

156 Seiten · ISBN 3-931327-29-9

30 Nicht erschienen – wird nicht erscheinen

31 Engineering Data Management (EDM) · Erfahrungsberichte und 

Trends

183 Seiten · ISBN 3-931327-31-0

32 Nicht erschienen – wird nicht erscheinen

33 3D-CAD · Mehr als nur eine dritte Dimension

181 Seiten · ISBN 3-931327-33-7

34 Laser in der Produktion · Technologische Randbedingungen für 

den wirtschaftlichen Einsatz

102 Seiten · ISBN 3-931327-34-5

35 Ablaufsimulation · Anlagen effizient und sicher planen und betreiben

129 Seiten · ISBN 3-931327-35-3

36 Moderne Methoden zur Montageplanung · Schlüssel für eine 

effiziente Produktion

124 Seiten · ISBN 3-931327-36-1

37 Wettbewerbsfaktor Verfügbarkeit · Produktivitätsteigerung 

durch technische und organisatorische Ansätze

95 Seiten · ISBN 3-931327-37-X

38 Rapid Prototyping · Effizienter Einsatz von Modellen in der 

Produktentwicklung

128 Seiten · ISBN 3-931327-38-8

39 Rapid Tooling · Neue Strategien für den Werkzeug- und Formenbau

130 Seiten · ISBN 3-931327-39-6

40 Erfolgreich kooperieren in der produzierenden Industrie · Flexibler 

und schneller mit modernen Kooperationen

160 Seiten · ISBN 3-931327-40-X

41 Innovative Entwicklung von Produktionsmaschinen

146 Seiten · ISBN 3-89675-041-0

42 Stückzahlflexible Montagesysteme

139 Seiten · ISBN 3-89675-042-9

43 Produktivität und Verfügbarkeit · ...durch Kooperation steigern

120 Seiten · ISBN 3-89675-043-7

44 Automatisierte Mikromontage · Handhaben und Positionieren 

von Mikrobauteilen

125 Seiten · ISBN 3-89675-044-5

45 Produzieren in Netzwerken · Lösungsansätze, Methoden, 

Praxisbeispiele

173 Seiten · ISBN 3-89675-045-3

46 Virtuelle Produktion · Ablaufsimulation

108 Seiten · ISBN 3-89675-046-1
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47 Virtuelle Produktion · Prozeß- und Produktsimulation

131 Seiten · ISBN 3-89675-047-X

48 Sicherheitstechnik an Werkzeugmaschinen

106 Seiten · ISBN 3-89675-048-8

49 Rapid Prototyping · Methoden für die reaktionsfähige 

Produktentwicklung

150 Seiten · ISBN 3-89675-049-6

50 Rapid Manufacturing · Methoden für die reaktionsfähige Produktion

121 Seiten · ISBN 3-89675-050-X

51 Flexibles Kleben und Dichten · Produkt-& Prozeßgestaltung, 

Mischverbindungen, Qualitätskontrolle

137 Seiten · ISBN 3-89675-051-8

52 Rapid Manufacturing · Schnelle Herstellung von Klein- 

und Prototypenserien

124 Seiten · ISBN 3-89675-052-6

53 Mischverbindungen · Werkstoffauswahl, Verfahrensauswahl, 

Umsetzung

107 Seiten · ISBN 3-89675-054-2

54 Virtuelle Produktion · Integrierte Prozess- und Produktsimulation

133 Seiten · ISBN 3-89675-054-2

55 e-Business in der Produktion · Organisationskonzepte, IT-Lösungen, 

Praxisbeispiele

150 Seiten · ISBN 3-89675-055-0

56 Virtuelle Produktion – Ablaufsimulation als planungsbegleitendes 

Werkzeug

150 Seiten · ISBN 3-89675-056-9

57 Virtuelle Produktion – Datenintegration und Benutzerschnittstellen

150 Seiten · ISBN 3-89675-057-7

58 Rapid Manufacturing · Schnelle Herstellung qualitativ hochwertiger 

Bauteile oder Kleinserien

169 Seiten · ISBN 3-89675-058-7

59 Automatisierte Mikromontage · Werkzeuge und Fügetechnologien für 

die Mikrosystemtechnik

114 Seiten · ISBN 3-89675-059-3

60 Mechatronische Produktionssysteme · Genauigkeit gezielt 

entwickeln

131 Seiten · ISBN 3-89675-060-7

61 Nicht erschienen – wird nicht erscheinen

62 Rapid Technologien · Anspruch – Realität – Technologien

100 Seiten · ISBN 3-89675-062-3

63 Fabrikplanung 2002 · Visionen – Umsetzung – Werkzeuge

124 Seiten · ISBN 3-89675-063-1

64 Mischverbindungen · Einsatz und Innovationspotenzial

143 Seiten · ISBN 3-89675-064-X

65 Fabrikplanung 2003 – Basis für Wachstum · Erfahrungen Werkzeuge 

Visionen

136 Seiten · ISBN 3-89675-065-8

66 Mit Rapid Technologien zum Aufschwung · Neue Rapid Technologien 

und Verfahren, Neue Qualitäten, Neue Möglichkeiten, Neue Anwend-

ungsfelder

185 Seiten · ISBN 3-89675-066-6

67 Mechatronische Produktionssysteme · Die Virtuelle Werkzeug-

maschine: Mechatronisches Entwicklungsvorgehen, Integrierte Mod-

ellbildung, Applikationsfelder

148 Seiten · ISBN 3-89675-067-4

68 Virtuelle Produktion · Nutzenpotenziale im Lebenszyklus der Fabrik

139 Seiten · ISBN 3-89675-068-2

69 Kooperationsmanagement in der Produktion · Visionen und Methoden 

zur Kooperation – Geschäftsmodelle und Rechtsformen für die Koop-

eration – Kooperation entlang der Wertschöpfungskette

134 Seiten · ISBN 3-98675-069-0

70 Mechatronik · Strukturdynamik von Werkzeugmaschinen

161 Seiten · ISBN 3-89675-070-4

71 Klebtechnik · Zerstörungsfreie Qualitätssicherung beim flexibel au-

tomatisierten Kleben und Dichten

ISBN 3-89675-071-2 · vergriffen

72 Fabrikplanung 2004  Ergfolgsfaktor im Wettbewerb · Erfahrungen – 

Werkzeuge – Visionen

ISBN 3-89675-072-0 · vergriffen

73 Rapid Manufacturing Vom Prototyp zur Produktion · Erwartungen – 

Erfahrungen – Entwicklungen

179 Seiten · ISBN 3-89675-073-9

74 Virtuelle Produktionssystemplanung · Virtuelle Inbetriebnahme und 

Digitale Fabrik

133 Seiten · ISBN 3-89675-074-7

75 Nicht erschienen – wird nicht erscheinen

76 Berührungslose Handhabung · Vom Wafer zur Glaslinse, von der Kap-

sel zur aseptischen Ampulle

95 Seiten · ISBN 3-89675-076-3

77 ERP-Systeme - Einführung in die betriebliche Praxis · Erfahrungen, 

Best Practices, Visionen

153 Seiten · ISBN 3-89675-077-7

78 Mechatronik · Trends in der interdisziplinären Entwicklung von 

Werkzeugmaschinen

155 Seiten · ISBN 3-89675-078-X

79 Produktionsmanagement

267 Seiten · ISBN 3-89675-079-8

80 Rapid Manufacturing · Fertigungsverfahren für alle Ansprüche

154 Seiten · ISBN 3-89675-080-1

81 Rapid Manufacturing · Heutige Trends –

Zukünftige Anwendungsfelder

172 Seiten · ISBN 3-89675-081-X

82 Produktionsmanagement · Herausforderung Variantenmanagement

100 Seiten · ISBN 3-89675-082-8

83 Mechatronik · Optimierungspotenzial der Werkzeugmaschine nutzen

160 Seiten · ISBN 3-89675-083-6

84 Virtuelle Inbetriebnahme · Von der Kür zur Pflicht?

104 Seiten · ISBN 978-3-89675-084-6

85 3D-Erfahrungsforum · Innovation im Werkzeug- und Formenbau

375 Seiten · ISBN 978-3-89675-085-3

86 Rapid Manufacturing · Erfolgreich produzieren durch innovative Fertigung

162 Seiten · ISBN 978-3-89675-086-0

87 Produktionsmanagement · Schlank im Mittelstand

102 Seiten · ISBN 978-3-89675-087-7

88 Mechatronik · Vorsprung durch Simulation

134 Seiten · ISBN 978-3-89675-088-4

89 RFID in der Produktion · Wertschöpfung effizient gestalten

122 Seiten · ISBN 978-3-89675-089-1



122 Schneider, Burghard

Prozesskettenorientierte Bereitstellung nicht formstabiler Bauteile
1999 · 183 Seiten · 98 Abb. · 14 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-559-5

123 Goldstein, Bernd

Modellgestützte Geschäftsprozeßgestaltung in der Produktentwicklung
1999 · 170 Seiten · 65 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-546-3

124 Mößmer, Helmut E.

Methode zur simulationsbasierten Regelung zeitvarianter Produktionssysteme
1999 · 164 Seiten · 67 Abb. · 5 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-585-4

125 Gräser, Ralf-Gunter

Ein Verfahren zur Kompensation temperaturinduzierter Verformungen an Industrierobotern
1999 · 167 Seiten · 63 Abb. · 5 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-603-6

126 Trossin, Hans-Jürgen

Nutzung der Ähnlichkeitstheorie zur Modellbildung in der Produktionstechnik
1999 · 162 Seiten · 75 Abb. · 11 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-614-1

127 Kugelmann, Doris

Aufgabenorientierte Offline-Programmierung von Industrierobotern
1999 · 168 Seiten · 68 Abb. · 2 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-615-X

128 Diesch, Rolf

Steigerung der organisatorischen Verfügbarkeit von Fertigungszellen
1999 · 160 Seiten · 69 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-618-4

129 Lulay, Werner E.

Hybrid-hierarchische Simulationsmodelle zur Koordination teilautonomer Produktionsstrukturen
1999 · 182 Seiten · 51 Abb. · 14 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-620-6

130 Murr, Otto

Adaptive Planung und Steuerung von integrierten Entwicklungs- und Planungsprozessen
1999 · 178 Seiten · 85 Abb. · 3 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-636-2

131 Macht, Michael

Ein Vorgehensmodell für den Einsatz von Rapid Prototyping
1999 · 170 Seiten · 87 Abb. · 5 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-638-9

132 Mehler, Bruno H.

Aufbau virtueller Fabriken aus dezentralen Partnerverbünden
1999 · 152 Seiten · 44 Abb. · 27 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-645-1

133 Heitmann, Knut

Sichere Prognosen für die Produktionsptimierung mittels stochastischer Modelle
1999 · 146 Seiten · 60 Abb. · 13 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-675-3

134 Blessing, Stefan

Gestaltung der Materialflußsteuerung in dynamischen Produktionsstrukturen
1999 · 160 Seiten · 67 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-690-7

135 Abay, Can

Numerische Optimierung multivariater mehrstufiger Prozesse am Beispiel der Hartbearbeitung von 
Industriekeramik
2000 · 159 Seiten · 46 Abb. · 5 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-697-4
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136 Brandner, Stefan

Integriertes Produktdaten- und Prozeßmanagement in virtuellen Fabriken
2000 · 172 Seiten · 61 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-715-6

137 Hirschberg, Arnd G.

Verbindung der Produkt- und Funktionsorientierung in der Fertigung
2000 · 165 Seiten · 49 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-729-6

138 Reek, Alexandra

Strategien zur Fokuspositionierung beim Laserstrahlschweißen
2000 · 193 Seiten · 103 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-730-X

139 Sabbah, Khalid-Alexander

Methodische Entwicklung störungstoleranter Steuerungen
2000 · 148 Seiten · 75 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-739-3

140 Schliffenbacher, Klaus U.

Konfiguration virtueller Wertschöpfungsketten in dynamischen, heterarchischen Kompetenznetzwerken
2000 · 187 Seiten · 70 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-754-7

141 Sprenzel, Andreas

Integrierte Kostenkalkulationsverfahren für die Werkzeugmaschinenentwicklung
2000 · 144 Seiten · 55 Abb. · 6 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-757-1

142 Gallasch, Andreas

Informationstechnische Architektur zur Unterstützung des Wandels in der Produktion
2000 · 150 Seiten · 69 Abb. · 6 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-781-4

143 Cuiper, Ralf

Durchgängige rechnergestützte Planung und Steuerung von automatisierten  Montagevorgängen
2000 · 168 Seiten · 75 Abb. · 3 Tab. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-783-0

144 Schneider, Christian

Strukturmechanische Berechnungen in der Werkzeugmaschinenkonstruktion
2000 · 180 Seiten · 66 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-789-X

145 Jonas, Christian 

Konzept einer durchgängigen, rechnergestützten Planung von Montageanlagen
2000 · 183 Seiten · 82 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-870-5

146 Willnecker, Ulrich

Gestaltung und Planung leistungsorientierter manueller Fließmontagen
2001 · 175 Seiten · 67 Abb. · broschiert · 20,5 x 14,5 cm · ISBN 3-89675-891-8

147 Lehner, Christof

Beschreibung des Nd:Yag-Laserstrahlschweißprozesses von Magnesiumdruckguss
2001 · 205 Seiten · 94 Abb. · 24 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0004-X

148 Rick, Frank

Simulationsgestützte Gestaltung von Produkt und Prozess am Beispiel Laserstrahlschweißen
2001 · 145 Seiten · 57 Abb. · 2 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0008-2

149 Höhn, Michael

Sensorgeführte Montage hybrider Mikrosysteme
2001 · 171 Seiten · 74 Abb. · 7 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0012-0

150 Böhl, Jörn

Wissensmanagement im Klein- und mittelständischen Unternehmen der Einzel- und Kleinserienfertigung
2001 · 179 Seiten · 88 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0020-1

151 Bürgel, Robert

Prozessanalyse an spanenden Werkzeugmaschinen mit digital geregelten Antrieben
2001 · 185 Seiten · 60 Abb. · 10 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0021-X

152 Stephan Dürrschmidt

Planung und Betrieb wandlungsfähiger Logistiksysteme in der variantenreichen Serienproduktion
2001 · 914 Seiten · 61 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0023-6

153 Bernhard Eich

Methode zur prozesskettenorientierten Planung der Teilebereitstellung
2001 · 132 Seiten · 48 Abb. · 6 Tabellen · 20,5 x 14,5 cm · ISBN 3-8316-0028-7



154 Wolfgang Rudorfer 

Eine Methode zur Qualifizierung von produzierenden Unternehmen für Kompetenznetzwerke
2001 · 207 Seiten · 89 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0037-6

155 Hans Meier 

Verteilte kooperative Steuerung maschinennaher Abläufe
2001 · 162 Seiten · 85 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0044-9

156 Gerhard Nowak 

Informationstechnische Integration des industriellen Service in das Unternehmen
2001 · 203 Seiten · 95 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0055-4

157 Martin Werner 

Simulationsgestützte Reorganisation von Produktions- und Logistikprozessen
2001 · 191 Seiten · 20,5 x 14,5 cm · ISBN 3-8316-0058-9

158 Bernhard Lenz  

Finite Elemente-Modellierung des Laserstrahlschweißens für den Einsatz in der Fertigungsplanung
2001 · 150 Seiten · 47 Abb. · 5 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0094-5

159 Stefan Grunwald   

Methode zur Anwendung der flexiblen integrierten Produktentwicklung und Montageplanung
2002 · 206 Seiten · 80 Abb. · 25 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0095-3

160 Josef Gartner   

Qualitätssicherung bei der automatisierten Applikation hochviskoser Dichtungen
2002 · 165 Seiten · 74 Abb. · 21 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0096-1

161 Wolfgang Zeller

Gesamtheitliches Sicherheitskonzept für die Antriebs- und Steuerungstechnik bei Werkzeugmaschinen
2002 · 192 Seiten · 54 Abb. · 15 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0100-3

162 Michael Loferer 

Rechnergestützte Gestaltung von Montagesystemen
2002 · 178 Seiten · 80 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0118-6

163 Jörg Fährer

Ganzheitliche Optimierung des indirekten Metall-Lasersinterprozesses
2002 · 176 Seiten · 69 Abb. · 13 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0124-0

164 Jürgen Höppner 

Verfahren zur berührungslosen Handhabung mittels leistungsstarker Schallwandler
2002 · 132 Seiten · 24 Abb. · 3 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0125-9

165 Hubert Götte

Entwicklung eines Assistenzrobotersystems für die Knieendoprothetik
2002 · 258 Seiten · 123 Abb. · 5 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0126-7

166 Martin Weißenberger

Optimierung der Bewegungsdynamik von Werkzeugmaschinen im rechnergestützten Entwicklungsprozess
2002 · 210 Seiten · 86 Abb. · 2 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0138-0

167 Dirk Jacob

Verfahren zur Positionierung unterseitenstrukturierter Bauelemente in der Mikrosystemtechnik
2002 · 200 Seiten · 82 Abb. · 24 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0142-9

168 Ulrich Roßgoderer

System zur effizienten Layout- und Prozessplanung von hybriden Montageanlagen
2002 · 175 Seiten · 20,5 x 14,5 cm · ISBN 3-8316-0154-2

169 Robert Klingel

Anziehverfahren für hochfeste Schraubenverbindungen auf Basis akustischer Emissionen
2002 · 164 Seiten · 89 Abb. · 27 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0174-7

170 Paul Jens Peter Ross

Bestimmung des wirtschaftlichen Automatisierungsgrades von Montageprozessen in der frühen Phase der 
Montageplanung
2002 · 144 Seiten · 38 Abb. · 38 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0191-7

171 Stefan von Praun

Toleranzanalyse nachgiebiger Baugruppen im Produktentstehungsprozess
2002 · 250 Seiten · 62 Abb. · 7 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0202-6



172 Florian von der Hagen

Gestaltung kurzfristiger und unternehmensübergreifender Engineering-Kooperationen
2002 · 220 Seiten · 104 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0208-5

173 Oliver Kramer

Methode zur Optimierung der Wertschöpfungskette mittelständischer Betriebe
2002 · 212 Seiten · 84 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0211-5

174 Winfried Dohmen

Interdisziplinäre Methoden für die integrierte Entwicklung komplexer mechatronischer Systeme
2002 · 200 Seiten · 67 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0214-X

175 Oliver Anton

Ein Beitrag zur Entwicklung telepräsenter Montagesysteme
2002 · 158 Seiten · 85 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0215-8

176 Welf Broser

Methode zur Definition und Bewertung von Anwendungsfeldern für Kompetenznetzwerke
2002 · 224 Seiten · 122 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0217-4

177 Frank Breitinger 

Ein ganzheitliches Konzept zum Einsatz des indirekten Metall-Lasersinterns für das Druckgießen
2003 · 156 Seiten · 20,5 x 14,5 cm · ISBN 3-8316-0227-1

178 Johann von Pieverling

Ein Vorgehensmodell zur Auswahl von Konturfertigungsverfahren für das Rapid Tooling
2003 · 163 Seiten · 88 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0230-1

179 Thomas Baudisch 

Simulationsumgebung zur Auslegung der Bewegungsdynamik des mechatronischen Systems Werkzeugmaschine
2003 · 190 Seiten · 67 Abb. · 8 Tab. · 20,5 x 14,5 cm · ISBN 3-8316-0249-2

180 Heinrich Schieferstein

Experimentelle Analyse des menschlichen Kausystems
2003 · 132 Seiten · 20,5 x 14,5 cm · ISBN 3-8316-0251-4

181 Joachim Berlak

Methodik zur strukturierten Auswahl von Auftragsabwicklungssystemen
2003 · 244 Seiten · 20,5 x 14,5 cm · ISBN 3-8316-0258-1

182 Christian Meierlohr

Konzept zur rechnergestützten Integration von Produktions- und Gebäudeplanung in der Fabrikgestaltung
2003 · 181 Seiten · 84 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0292-1

183 Volker Weber

Dynamisches Kostenmanagement in kompetenzzentrierten Unternehmensnetzwerken
2004 · 210 Seiten · 64 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0330-8

184 Thomas Bongardt

Methode zur Kompensation betriebsabhängiger Einflüsse auf die Absolutgenauigkeit von Industrierobotern
2004 · 170 Seiten · 40 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0332-4

185 Tim Angerer

Effizienzsteigerung in der automatisierten Montage durch aktive Nutzung mechatronischer 
Produktkomponenten
2004 · 180 Seiten · 67 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0336-7

186 Alexander Krüger

Planung und Kapazitätsabstimmung stückzahlflexibler Montagesysteme
2004 · 197 Seiten · 83 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0371-5

187 Matthias Meindl

Beitrag zur Entwicklung generativer Fertigungsverfahren für das Rapid Manufacturing
2005 · 222 Seiten · 97 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0465-7

188 Thomas Fusch

Betriebsbegleitende Prozessplanung in der Montage mit Hilfe der Virtuellen Produktion
am Beispiel der Automobilindustrie
2005 · 190 Seiten · 99 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0467-3



189 Thomas Mosandl

Qualitätssteigerung bei automatisiertem Klebstoffauftrag durch den Einsatz optischer Konturfolgesysteme
2005 · 182 Seiten · 58 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0471-1

190 Christian Patron

Konzept für den Einsatz von Augmented Reality in der Montageplanung
2005 · 150 Seiten · 61 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0474-6

191 Robert Cisek 

Planung und Bewertung von Rekonfigurationsprozessen in Produktionssystemen
2005 · 200 Seiten · 64 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0475-4

192 Florian Auer 

Methode zur Simulation des Laserstrahlschweißens unter Berücksichtigung der Ergebnisse vorangegangener 
Umformsimulationen
2005 · 160 Seiten · 65 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0485-1

193 Carsten Selke 

Entwicklung von Methoden zur automatischen Simulationsmodellgenerierung
2005 · 137 Seiten · 53 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0495-9

194 Markus Seefried

Simulation des Prozessschrittes der Wärmebehandlung beim Indirekten-Metall-Lasersintern
2005 · 216 Seiten · 82 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0503-3

195 Wolfgang Wagner

Fabrikplanung für die standortübergreifende Kostensenkung bei marktnaher Produktion
2006 · 208 Seiten · 43 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0586-6

196 Christopher Ulrich

Erhöhung des Nutzungsgrades von Laserstrahlquellen durch Mehrfach-Anwendungen
2006 · 178 Seiten · 74 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0590-4

197 Johann Härtl

Prozessgaseinfluss beim Schweißen mit Hochleistungsdiodenlasern
2006 · 140 Seiten · 55 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0611-0

198 Bernd Hartmann

Die Bestimmung des Personalbedarfs für den Materialfluss in Abhängigkeit von Produktionsfläche und -menge
2006 · 208 Seiten · 105 Abb. · 20,5 x 14,5 cm · ISBN 3-8316-0615-3

199 Michael Schilp

Auslegung und Gestaltung von Werkzeugen zum berührungslosen Greifen kleiner Bauteile in der Mikromontage
2006 · 130 Seiten · 20,5 x 14,5 cm · ISBN 3-8316-0631-5

200 Florian Manfred Grätz

Teilautomatische Generierung von Stromlauf- und Fluidplänen für mechatronische Systeme
2006 · 192 Seiten · 20,5 x 14,5 cm · ISBN 3-8316-0643-9

201 Dieter Eireiner

Prozessmodelle zur statischen Auslegung von Anlagen für das Friction Stir Welding
2006 · 214 Seiten · 20,5 x 14,5 cm · ISBN 3-8316-0650-1

202 Gerhard Volkwein

Konzept zur effizienten Bereitstellung von Steuerungsfunktionalität für die NC-Simulation
2007 · 192 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0668-9

203 Sven Roeren

Komplexitätsvariable Einflussgrößen für die bauteilbezogene Struktursimulation thermischer Fertigungsprozesse
2007 · 224 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0680-1

204 Henning Rudolf

Wissensbasierte Montageplanung in der Digitalen Fabrik am Beispiel der Automobilindustrie
2007 · 200 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0697-9

205 Stella Clarke-Griebsch

Overcoming the Network Problem in Telepresence Systems with Prediction and Inertia
2007 · 150 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0701-3

206 Michael Ehrenstraßer

Sensoreinsatz in der telepräsenten Mikromontage
2008 · 160 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0743-3



207 Rainer Schack

Methodik zur bewertungsorientierten Skalierung der Digitalen Fabrik
2008 · 248 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0748-8

208 Wolfgang Sudhoff

Methodik zur Bewertung standortübergreifender Mobilität in der Produktion
2008 · 276 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0749-5

209 Stefan Müller

Methodik für die entwicklungs- und planungsbegleitende Generierung und Bewertung von Produktionsalternativen
2008 · 240 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0750-1

210 Ulrich Kohler

Methodik zur kontinuierlichen und kostenorientierten Planung produktionstechnischer Systeme
2008 · 232 Seiten · 20,5 x 14,5 cm · ISBN 978-3-8316-0753-2




