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Chapter 1 

Introduction 



Section 1.1 

Motivation 

H. Wörn 

Besides the usage of industrial robots in classical fields of application, e.g., 

welding, painting and handling, applying robotic systems in additional areas like 

assembly, machining and measuring is gaining more and more importance. Many 

research and development projects aiming at the exploitation of these new applica-

tion areas have been carried out and their results reflect in innovative products and 

visionary future perspectives. 

Under this framework of innovative robot applications, many interesting and 

challenging topics are related to the handling and processing of deformable ob-

jects1. By observing the manual processing of such objects, we conclude that a 

successful task execution especially relies on the following components: 

• visual and tactile information, 

• multi-fingered hand, 

• two-armed corporation, 

• prior knowledge and experience. 

Developing an ideal and versatile robot system for the handling of flexible ob-

jects therefore requires to address the following topics: 

• sensor data processing and multi-sensor fusion, 

• development of robust and dexterous grippers, 

• multi-robot corporation, 

• modeling and simulation, 

                                                                 
1  In this context, an object is called “deformable” if its deformation must be considered for 

the manipulation process. 



• artificial intelligence. 

All of these topics are current research topics, causing the robot handling of 

flexible materials to be a very challenging field from an academic and scientific point 

of view. 

Since flexible materials are found in almost every industrial product, automated 

handling of such materials becomes significant from an industrial and economic 

point of view, too. Two examples can demonstrate this importance: The complete 

textile industry deals with the processing of highly deformable objects. The price for 

cloths is mainly depends on the costs of handling and processing the textiles. 

Though many common tasks like the lapping, (un)folding and positioning have 

been addressed in many robotic research works and a large variety of prototype 

systems has been set up, the large-scaled application of robotic handling systems 

has not yet been achieved. However, the problem of automated textile handling is 

still on the agenda and the work is being continued, as reflected in different 

contributions of this book. 

The second example is the world of the automotive industry, which is well-

known to be one of the most important branches in most industrial countries. 

Among the large variety of product components to be processed and assembled, 

many are partly or highly flexible. Though the level of automation and robot im-

plementation is very high in the production, the number of robots is, though in-

creasing, rather small in the final assembly. This causes the assembly costs to be 

one of the most dominant factors in the final product price. 

Because of the large variety of tasks and materials and the automation-friendly 

environment, the automotive industry is an almost ideal branch to develop, inves-

tigate and implement new robot applications. Accordingly, many assembly tasks 

involving flexible materials, such as, the assembly of hoses, O-ring seals and rubber 

sealing profiles have been addressed, resulting in robotic prototype systems. For 

the future, a significant increase of robot applications in the handling of flexible 

materials can be expected, driven by the high general effort for automating assembly 

operations in this branch of industry. 

When thinking about automated handling, there are two principal ways in deal-

ing with the non-constant object shape. One way is to develop a highly sophisti-

cated, special-purposed robot end-effectors, reflecting the mechanical workpiece 

properties. Here, most of the effort is required for the hardware design, while using 

established traditional methods for programming the robot. This approach is proven 

to meet both key requirements of short cycle time and high reliability. 

The other way is to use a more human-like approach, i.e., to keep the design of 

the hardware as general and flexible (but not necessarily simple and cheap) as pos-

sible and to spend more effort for aspects as sensors, sensor data processing, 

simulation and prediction. The major advantage of this approach is found in the 

high flexibility and in the possibility of adopting the system to varying tasks, as 

demonstrated in the human behavior. 

Although the flexibility and generality displayed in this second approach are 

very attractive, it requires to cope with several difficult issues given above, from 

sensor data fusion to artificial intelligence. The problems related to these topics 



could not yet been satisfying solved for many tasks less complicated than the han-

dling of flexible materials. In opposite to this, the development of special-purposed 

hardware has been industrial everyday work for decades. Accordingly, experience 

and knowledge are widely available here, causing the application of dedicated hard-

ware solutions to be more feasible from a practical point of view. 

As the degree of automation in the assembly increases, the number of robot ap-

plications in the handling of flexible materials can also be expected to grow. While 

the first step is the large-scaled integration of special-purpose end-effectors and 

other hardware tools, the increasing number of complex sensor applications (caused 

by the demand for flexible and fault-tolerant robotic systems) and the general 

increase of scientific knowledge will stimulate the introduction of sophisticated and 

flexible handling systems. This kind of development, starting with hardware 

solutions dedicated to the economic solution of well-defined problems and leading 

to more flexible and general systems, can be found in many variations in the 

industrial his tory. Only one of many examples is the machine-tools development, 

starting with simple milling machines and lathes over highly specialized one-

purpose equipment to the flexible NC-technology. 

One should note that finding a technically and economically significant solution 

to industrial problems is not a simple one-dimensional problem, but depends on 

many factors, including technological, social and political aspects, and change in 

any of them may affect the answer to the initial question as well. Therefore it is wise 

not to focus on one approach only that seems to be straight-forward, but to 

investigate a larger variety of principles and methods, even if the industrial applica-

tion seems to be somewhat futuristic in some cases. 

For the automated handling of flexible materials, the aim of this book is to give a 

survey of both the state of the art and technology. Some of the contributions in this 

book describe innovative applications of robot systems which could already be 

established or are expected to have a break-through within the next few years. Oth-

ers deal with the handling of flexible materials from a more fundamental point of 

view, highlighting milestones which could be achieved and problems which are 

under research and will have to be solved in the framework of a long-term 

perspective. 



Section 1.2 

About this Book 

D. Henrich 

Besides the work in the field of manipulating rigid objects, currently, there are 

several research and development activities going on in the field of manipulating 

non-rigid or deformable objects. Several papers have been published on 

international conferences in this field from various projects and countries. But there 

has been no comprehensive work which provides both a representative overview of 

the state of the art and identifies the important aspects in this field. 

Thus, we collected these activities and invited the corresponding working 

groups to present an overview of their research. Altogether, nineteen authors 

coming from Japan, Germany, Italy, Greece, United Kingdom, and Australia 

contributed to this book. Their research work covers all the different aspects that 

occur when manipulating deformable objects. The contributions can be 

characterized and grouped by the following four aspects: 

• object modeling and simulation, 

• planning and control strategies, 

• collaborative systems, and  

• applications and industrial experiences. 

In the following, we give a short motivation and overview of the single chapters of 

the book. 

The simulation of deformable objects is one way to approach the problem of 

manipulating these objects by robots. Based on a physical model of the object and 

the occurring constraints, the resulting object shape is calculated. In Chapter 2, 

Hirai presents an  energy-based approach, where the internal energy under the 

geometric constraints is minimized. Frugoli et al. introduce a force-based approach, 

where the forces between discrete particles are minimized meeting given constraints. 

Finally, Remde and Henrich extend the energy-based approach to plastic 



deformation and give a solution of the inverse simulation problem. 

Even if the object behavior is predicted by simulation, there is still the question 

of how to control the robot during a single manipulation operation. An additional 

question is how to retrieve an overall plan for the concatenated manipulation 

operations. In Chapter 3, Wada investigates the control problems when positioning 

multiple points of a planar deformable object. McCarrager proposes a control 

scheme exploiting the flexibility, rather than minimizing it. Abegg et al. use a simple 

contact state model to describe typical assembly tasks and to derive robust 

manipulation primitives. Finally, Ono presents an automatic sewing system and 

suggests a strategy for unfolding fabric.  

In several manipulation tasks, it is reasonable to apply more than one robot. 

Especially in cases, where the deformable object has to take a specific shape. Since 

the robots working at the same object are influencing each other, different control 

algorithms have to be introduced. In Chapter 4, Yoshida and Kosuge investigates 

this problem for the task of bending a sheet of metal and exploits the relation ship 

between the static object deformation and the bending moments. Tanner and 

Kyriakopoulos regard the deformable object as underactuated mechanical system 

and make use of the existence of non-holonomic constraints. Both approaches 

model the deformable object as finite elements. 

All of the above aspects have their counterpart in different applications and 

industrial experiences. In Chapter 5, Rizzi et al. present test cases and applications of 

their approach to simulate the manipulation of fabric, wires, cables, and soft bags. 

Buckingham and Graham give an overview of two European projects processing 

white fish including locating, gripping, and deheading the fish. Maruyama outlines 

the three development phases of a robot system for performing outage-free 

maintenance of live-line power supply in Japan. Finally, Kämper presents the 

development of a flexible automatic cabling unit for the wiring of long-tube lighting 

with plug components.  
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Material Modeling and 

Simulation 
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