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Abstract 

The application of human-robot-cooperation in industrial environments is still in an initial stage. This is caused by safety reasons, the complexity 
of distributing tasks between the human and the robot as well as the time-consuming programming of the robot. Therefore, a  concept for the 
combination of an automated distribution of the tasks between human and robot and a task-oriented programming of the robot is focused in this 
paper. The programming system consists of four parts: a task and world model, a planning system for the distribution of the tasks, a programming 
system to generate the robot program, and an operation module containing an action recognition. After the suggestions for the allocation of the 
tasks to human and robot conducted by the planning system, the tasks are presented to the user who can approve or adopt them on a human 
machine interface. According to the determined distribution the robot program will be generated subsequently. This automatically generated 
program consists of several modules where each module represents an assembly task. In order to detect the assembly task, which is carried out 
by the human, the movements of the worker’s hands and of the object have to be detected by a camera system. In order to interpret the movements 
of the worker, an approach using Hidden Markov Model is used whereas the Hidden Markov Model is fed with the position data of the hands.  
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1. Introduction 

Mainly manual processes in assembly combined with high 
wages lead to a demand for automation in order to further allow 
the production in high-wage countries. In opposition to that the 
demand for individual products increases which results in a 
higher amount of product variants combined with shorter 
product lifecycles. Thus there is a certain need to sustain the 
flexibility in the assembly process which would decrease in 
case of fully automated processes. Another aspect that has an 
impact on the manufacturing industry is the demographic 
change: the age of the employees increases whereas the 
assembly processes become more complicated. Therefore the 
employee needs ergonomic support during his work. 

An approach to meet the different demands of automation, 
flexibility, and the support of aging employees is the human-
robot-cooperation, whereas human and robot work together in 

a shared workspace as shown in Figure 1. Applications of 
human-robot-cooperation are still rare. This fact is caused by 
several reasons: one reason is the safety aspects [1]. Typically, 
some kind of certification process for the human-robot-
cooperation has to be passed in order to start working with an 
application. The second reason which impedes the realization 
is the planning process which includes the task planning of both 
resources (human and robot). Heinze states that a lot of 
expertise is required in order to plan an appropriate human-
robot-cooperation [2]. The third problem is the programming of 
the robot which requires programming expertise that is not 
necessarily available in small and medium enterprises [3]. This 
kind of enterprises however is often confronted by small lot 
sizes with high variants, so that automation is not profitable. 

In order to ease the realization of human-robot-cooperation, 
an approach for an automated programming system is 
introduced. In this paper a concept for a system is introduced 
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that will support the planning process of the task division. These 
tasks will then be transferred into robot code where a task-
oriented programming approach is applied. To enhance the 
human’s acceptance towards the robot, action recognition is 
included in the code so that the robot is able to react to the 
human’s working processes. 

2. State of the art 

The planning of human-robot-applications has been 
highlighted in several papers. One of the first approaches was a 
task planning algorithm presented by Beumelburg [4]. In order 
to assign the tasks to human and robot, the skills of both are 
modelled and compared to the requirements of the task. Based 
on the work of Beumelburg, Heinze et al. set up a methodology 
for the combined planning and simulation of human-robot-
applications which was developed during the project 
MANUSERV [5]. The aim of the project was the development 
of a system for human-robot-cooperation solutions based on the 
manual processes and a database where robot technologies are 
collected. An important aspect of the work was the description 
of the processes in a standardized description language [5]. The 
description of the processes is based on the Methods Time 
Measurement (MTM) whereas the five basic motions reach, 
grasp, move, position and release describe assembly processes. 
Another aspect within this project was the planning of the 
application based on the Planning Domain Definition Language 
(PDDL). Next to the planning process, simulation was a focus 
of the project. With the defined working plan and CAD data of 
the robot system, the application can be simulated using the 
simulation software VEROSIM [4]. Another project 
concerning the planning process of individual assistance 
systems in assembly processes is called INDIVA. The main 
goal of this project is the early simulation of human-robot-
collaboration and the individual adjustment of the application 
towards the worker [6]. More approaches concerning the task 
assignment in human-robot-cooperation are presented in [7, 8, 
9]. 

In order to ease the process of programming robots in 
general, not necessarily referred to human-robot-application, 
many approaches have been presented. Two ways to easily 
program robots are programming by demonstration and task-
oriented programming. The aim of these programming 
techniques is that non-experts in programming are able to 
program the robot. Orendt gave an example of programing by 
demonstration through its Tool Center Point (TCP) which is 
seen as an intuitive possibility for programing [10]. The robot 
is guided on its TCP and out of the path the program is 
generated. The research shows that this way of programming is 

considered as intuitive and can be performed by non-experts 
[10]. A similar approach is presented by [11]. 

A different type of intuitive programming designed for non-
experts is the task-oriented programming. Task-oriented 
programming has already been addressed in several works [12]. 
Approaches were lacking the fast adapting of the task-oriented 
planning system to changing developments. Therefore [13] 
expanded earlier approaches to a skill-based model to adapt the 
task-oriented programming system to different assembly 
systems. The main focus of his work was the modelling of skills 
which provide an independent description of the functions of a 
resource. Furthermore every process is described by the 
necessary process skills. The description and sequence of the 
skills is the basis for the generation of the robot and PLC code 
executed by a postprocessor which was developed by [14]. 
Other similar approaches for an easier programming of the 
robot whereas the user tells the robot “what” to do instead of 
“how to do” it, are focus of the project SMErobotics, or a drag 
and drop approach presented by [15-17]. In this approach the 
user defines the robot program by dragging blocks on a user 
interface. The blocks contain information such as “move to” 
and can be specified further by the user. More approaches for a 
simplified programming of robots are presented in [18-20]. 

In order to increase the acceptance of the collaboration with 
the robot in human-robot-cooperation, approaches address the 
anticipation of the robot. Lenz et al. present an approach where 
the decisions for the next steps of the robot are due to the 
subsequent steps that need to be performed based on the 
assembly plan and human actions. A data base with information 
about the assembly plan, tools and products supports the 
decision process [21]. Another approach in this context was 
presented by Faber et al. where the human-robot-cooperation in 
assembly tasks had to be supported by cognitive architecture. 
In this approach the planning of the tasks of the robot was 
performed online. The basis for the planning process is the 
CAD data of the product which serves as a basis for the 
derivation of the assembly sequence. With this assembly 
sequence, the costs for possible assembly solutions were took 
into account and calculated related to the participant. The path 
with the lowest costs is taken. Information about the decisions 
of the system are visualized on a human machine interface [22]. 
Other approaches use Bayesian models to estimate the workers 
intention to adopt the robot to the worker’s behavior [23,24]. 

In the last two presented approaches, the autonomy of the 
robot system increases. However studies show that the 
efficiency of a worker decreases when the autonomy and speed 
of the robot increase [25]. 

Although many approaches for an easier programming of the 
robot have been presented, they mostly do not include the 
human’s needs such as an adaption to the human’s speed. In 
order to ease the programming process, but also to meet the 
human’s requirements in collaboration, an approach for an 
automated programing system with integrated action 
recognition is introduced in this paper. The following passage 
describes the system architecture of the approach. After giving 
an overview of the architecture, each module is described. 

Figure 1: Scenario of human-robot-cooperation 
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